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Week 6: Impact Assessment
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Impact Assessment
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Presentation Outline

1. What is Impact Assessment?
2. Impact Assessment framework.
3. Impact Category descriptions.

4. Impact Aversion Survey.



ISO LCA Methodological Framework

Defining and planning
the study to be carried
out on the system in
guestion.

Measuring physical
inputs and outputs
from the system in
guestion.

Assigning an
environmental
significance to inputs
and outputs from the
systemdnguestion.

Goal and Scope
definition

!

Inventory analysis

!

Impact assessment

ty

ty

t

Interpretation

Was the study
completed in
accordance with
international
standards?

Is the study
consistent to the
defined system
and study plan?

(1SO 14040:2006)



ISO LCA Methodological Framework

Assigning an
environmental
significance to inputs
and outputs from the
system dnquestion.

Goal and Scope
definition

!

Inventory analysis

!

Impact assessment

Ny N

t

Interpretation

(1SO 14040:2006)



UNEP/SETAC Sustainability Framework
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Sustainability

Life cycle management

Programmes and Activities

Life Cycle Approaches

Data



Life Cycle Approaches
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Presentation Outline

1. What is Impact Assessment?
2. Impact Assessment framework.

3. Impact Category descriptions.

4. Impact Aversion Survey.



Characterization factors

Impact Assessment

SM DF
GWP
1.40 1.00
1.57 1.57
2.97 2.57

Energy Consumption SM DF GWP
Hydro 9.7 9.7 MJ
Diesel 2.1 21 MJ
Resource Use
Crude Oil 0.8 0.8 L
SW Fiber 0.2 kg
HW Fiber 0.2 kg
Fresh Water 1.0 1.0 L
Emissions to Air
Cco, 1.4 10 g 1.00
CcoO 1.0 10 ¢ 1.57
Emissions to Water
Phosphorus 7.6 82 ¢
Ammonium 5.0 50 g
Emissions to Land
Chips 0.1 0.1 kg
Saw Dust 0.1 0.1 kg
Products & Co-
products
Wood 1.0 1.0 m3
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Global Warming Potential

(kCO, eq per m3 lumber)
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LCIA Results

(Life Cycle Impact Assessment)

Impact Assessment

SM DF
GWP
1.40 1.00
1.57 1.57
2.97 2.57
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Impact Assessment Procedure

* Determine environmental impacts relevant in

Goal & Scope.

e |dentification and selection of

— Impact categories — ex.
— Category indicator — ex.

— Characterization model — ex.

Global Warming Potential
kg CO, equivalent

Calculated from baseline model
of 100 years from IPCC



Characterization

* Sizes of environmental impacts are calculated
per impact category using characterization
factors defined, relative to category
indicators, while modeling the cause-effect
chain.

7 | effect - | eticet

|cause| —p [effect | —> [effiect | —> [cffect

< leffect| ~ [SHect
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Impact Assessment Methods

Aﬂ/"“:;,v

IMPACT 2002+ W=l LIME
RECIPE
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http://lcacenter.org/lcaxii/final-presentations/623.pdf
http://lcacenter.org/lcaxii/final-presentations/623.pdf
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Impact Assessment Methods

Impact Assessment
Methodology

Method description

Website Access Point

Eco-indicator 99

Damage approach, including
Normalization and default weighting
sets

www.pre.nl/eco-indicator99/

weighting as WTP to avoid damage

EDIP97 Midpoint method with normalization http://ipt.dtu.dk/~mic/Projects.htm#EDIP97
EDIP2003 Midpoint method with normalization http://ipt.dtu.dk/~mic/Projects.htm#EDIP2003
EPS 2000d Category indicators at damage level + | http://eps.esa.chalmers.se/

(Dutch) LCA Handbook

Midpoint method with normalization

http://www.leidenuniv.nl/cml/ssp/projects/Ilca2/lca2.ht
ml

Midpoint + damage including

http://www.epfl.ch/impact

IMPACT 2002(+) normalization
Midpoint + damage including . . .
reCiPe normalization www.Icia-recipe.info/

(SWISS) ECOSCARCITY

Weighting method, based on

environmental policy goals, to be
used for midpoint categories and
selected emissions/interventions

http://www.umwelt-
schweiz.ch/buwal/eng/fachgebiete/fg_produkte/umse

tzung/oekobilanzen/index.html

Weighting method, based on
distance-to-target of environmental

WWW.jepix.org

JEPIX policy. Providing regionalized
weighting factors based on specific
environmental quality.
TRACI Midpoint method with normalization http://epa.gov/ORD/NRMRL/std/sab/iam_traci.htm

10/8/2014
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Impact Estimator’s Impact Assessment

Fossil Fuel Consumption

Characterized by Midpoint Impact Category
Indicator
IPCC Global warming potential kg CO, eq
WMO Ozone depletion potential kg CFC-1 eq
US EPA Eutrophication potential kg N eq
US EPA Acidification potential kg SO, eq
US EPA Smog formation potential kg O; eq
US EPA Human health respiratory effects | kg PM, - eq
potential

Athena Institute Total Primary, Non-renewable, MJ

http://calculatelca.com/software/impact-estimator/download-impact-estimator/
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1. What is Impact Assessment?
2. Impact Assessment framework.
3. Impact Category descriptions.

4. Impact Aversion Survey.



- Global Warming Potential

- J * Category indicator
— kg CO,e
* Characterized by

4k — Intergovernmental Panel on Climate Change
(IPCC)

* Midpoint impact

— Capacity to absorb infrared radiation, which
heats the atmosphere

GWP,; = I a; ci(t) dt /I 3co Ceo gt) dt

a, = radiative forcing per unit concentration increase of GHG i ( W/m?kg )

C,(t) = concentration of GHG i at time T after release ( kg/m?)

t = time over which integration is performed ( year ) = IPCC uses 100 years
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Air emission
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GWP — Cause Effect Chain

Infrared radiation
absorbed

Climate change
affects temperature,
precipitation and
sea level

Water Resource Effects

Human Health

Agricultural Effects

Forest Effects

Species Damage

Coastal Area Damage

Bare et al, 21?)03
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ex. Forest Endpoint Effects -

p Resion B Elevation
— Facific Morthwest ] 00 M _
California | 1000 t0 2000 m  / Regional warming and
Inerior >2000 m / consequent increases in
p . y/ water deficits are likely
’ contributors to increases
in tree mortality.
#ﬁ.,s tree mortality
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van Mantgem, P.J., Stephenson, N.L., Byrne, J.C., Daniels, L.D., Franklin, J.F.,, Fulé, P.Z., Harmon, M.E.,
10/Smith, J.M., Taylor, A.H. and Veblen, T.T. (2009), Widespread increase of tree mortality rates in the 20
western United States., Science, 0, 0



Intergovernmental Panel on Climate
Change

* Recent Report
— http://www.ipcc.ch/

* YouTube clip

— http://www.youtube.com/watch?v=HF9LNuH3IpU
&feature=youtu.be

10/8/2014 21
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Negative GWP? - Geoengineering
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Solar Radiation Transmitted (")

Check out

”David Keith’s unusual climate change idea” on TED.com

10/8/2014

Volcanoes can be cool!?
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b Ozone Depletion Potential

e Category indicator
— kg CFC 1! eq
* Characterized by

— World Meteorological Organization
(WMO)
* Midpoint impact

— — Potential to change stratospheric ozone
column, at steady-state, due to amount
of emission of substance i relative to that
of CFC11

ODPi =0 [OB]i /& [03]CFC-11

o [03]i = change in the ozone column for substance i
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ODP — Cause Effect Chain

Reduction of Ozone
Layer

Air emission

10/8/2014 T Mokt

Increased UVB
reaching Earth

Agricultural Effects

Human health

Species Damage

Material Damage

27
Bare et al, 2003




ex. ODP Endpoint Effects

Before After

Incoming
LUV Photon

http://www.ehow.com/list_6716266_effects-ultraviolet-
light-plants_-growth.html

http://commons.wikimedia.org/wiki/File:DNA_UV_mutation.gif

.. ——
1 =0 L 5 ,» ')(. v - " e
< e SN - £ ’
Degradation """l = 3;‘;?{_‘? =) ” ;'.,
1ESCO = TR S
10/8/2014 ‘ )8

http://www.absoluteastronomy.com/topics/UV_degradation


http://upload.wikimedia.org/wikipedia/commons/f/fd/DNA_UV_mutation.svg

BUV & TOMS total ozone
Oct. 71 Oct.:;'z

—

Total Ozone(DU)

Source - http://www.landcareresearch.co.nz/research/ecosystems/
penglins/antarctic_features.asp
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- Eutrophication Potential

e Category indicator
— kg N eqg

* Characterized by
— US EPA

* Midpoint impact

— Influence on algae growth in nutrient
deficient surface waters

* Relative to algae growth in photic zone of
aquatic ecosystem as result of 1kg of Nitrogen

* Takes into account transport and probability

of arriving in aquatic environment .

10/8/2014



EP — Cause Effect Chain

Dead biomass

Water emiss .
ater emission bacterial Death of fish and shellfish

decomposition leads
to oxygen shortage

Arrival to nutrient
limited aquatic Algae and Aquatic
ecosystem weed growth

Toxicity to humans,
marine mammals,

Algae bloom livestock

releasing toxics
leads to poisoning
fish and shellfish

10/8/2014

32
Bare et al, 2003
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Hypoxic zone forms every
summer, and is the result of
excess nutrients from the
Mississippi River and season
stratification (layering) of waters
in the Gulf.
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Hypoxia Around the World

Fig. 1. Global distrbution of 400-plus systems that have scientifically  influence & expressed as a percent (41)] in the Northern Hemisphere, For
reported accounts of being eutrophication-associated dead zones. Their  the Southern Hemisphere, the occurence of dead zones is only recently
distribution matches the global human footprint [the normalized human  being reported. Detadls on each system are in tables 51 and S2.

Sourte/2%ittp://www.cop.noaa.gov/stressors/extremeevents/hab/features/Diaz_08.aspx °°



Acidification Potential

e Category indicator
— kg SO, eq

* Characterized by
— US EPA

* Midpoint impact

— Capacity to form acidifying H+ ions
relative to SO,, increasing the acidity of
water and soil systems

(ex. from CML) AP. = (nHH/ nH+SOZ)

Ny, ; = humber of H+ ions produced by substance i

10/8/2014 36



AP — Cause Effect Chain

Air Emission

Leaching of Al leads
to ecotoxicity

Emission
atmospheric _ _
topography, cloud <treams
temperature Plant and animal
climate ' mortality
Leaching of nutrient
cations leads to
reduced forest/plant
health
10/8/2014

37
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How acid rain is formed

Industry Transport Domestic Electricity generation

10/8/2014  Source - https://env-ngo.wikispaces.com/Photos%3F-arwpthree 38




Acidification Potential

Environmental Effects | pH Value | Examples

ACIDIC Battery acid

Sulfuric acid
Lemaon juice, Vinegar
Orange juice, Scda

Acid rain (4,2-4.4)
Acidic lake {4.5)
Bananas (5.0-5.3)
Clean rain {5.6)
Healthy lake (6.5)
Milk (6.5-6.8)

Pure water

Sea water, Eggs
Baking soda

Milk of Magnesia
Ammonia

Soapy water
Bleach

Liquid drain cleaner

Al fish die (4.2)

Frog eggs, tadpoles, crayfish,
and mayflies die (5.5)

NEUTRAL Rainbow troul
begin 1o die (6.0)

BASIC

10/8/2014 Sy . . 39
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Smog Potential

aka
Photochemical ozone formation

Photo-oxidant formation

40
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Smog Potential

e Category indicator
— kg O, eq

* Characterized by
— US EPA

* Midpoint impact

— A given emission’s influence on the
amount of ozone formed
photochemically in the troposphere

41



Smog Potential

* Smog contributes to
— Emphysema
— Bronchitis
— Asthma

 Which can lead to
— Missing school
— Restricted activity
— Hospital visits
— Emergency visits
— Premature death

10/8/2014

A 2005 study found that in California

Costs of five health impacts attributed to
smog pollution tops $521 million per year

Remaining 46
California counties
combined
Ventura 13% Los Angeles
Tulare 2% 36%
Stanislaus 2%
3%
Sacramento
3%

San Joaquin
3%

San Diego
4%

Kern
4%

Fresno

4%

g Orange
v7:Zlde San Bernardino 10%

9%

Economic costs attributed to school absences, restricted activity days for adults,

respiratory hospitalizations and asthma Emergency Room visits due to smog pollution,

Other smog-related effects are not included in this tally.

Source - http://www.ewg.org/node/198§5



SP — Cause Effect Chain

Air emission .
Human mortality
Human inhalation
Mix with VOCs Human health
NO,s, Tropospheric ozone
temperature, concentrations
sunlight Reduced_
photosynthesis and | Plant mortality
growth
10/8/2014
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- Human Health Criteria - Air

e Category indicator
| — kg PM, . eq

=’ __ e Characterized by

* Midpoint impact

How Particulate Matter Enters Our Body

— Exposure to air borne
particulate matter less
than 10 um in size

1 m=1,000,000 um

10/8/2014




HH-Air — Cause Effect Chain

Body reacts to PM

Air emission .. Human Health
bed b PM deposition in

(inhaled by alveoli PM contains harmful
human) substances Human Mortality

Liowver

Bare et al, 2003



PM, ; particles
<2.5 um each hair

Finest
beach
sand

90 pm

PM,, particles
<10 pm each

NaEsA cavity

noaint

>PM,,

threay
larynx

trachen

e coughing/weezing
® cause or worsen conditions

e asthma

e heart disease st

e chronic bronchitis PMyg _2 5582 &7 Vel Do murcle

° emphysema : broncrioles

® pneumonia ::.'{,‘

e long term exposure in women PM, .

e premature births e

e low birth weights —
AESPIRATORY SYSTEM gisphragm

Source - bcairquality.ca

Source - http://www.pca.state.mn.us/index.php/air/air-quality-and-
10/8/2014 pollutants/general-air-quality/wood-smoke/health-effects-of-wood4 7
smoke.html|?menuid=&missing=0&redirect=1



Total Primary, Non-renewable, Fossil

Fuel Consumption
e Category indicator
— MJ
e Characterized by (..LCl classification)
— Athena Sustainable Materials Institute

* Includes;

— all energy, direct and indirect, used to
transform or transport raw materials into
products and buildings.

— energy contained in raw or feedstock
materials that are also common energy
sources.



/Q 2\
Total Primary, Non-renewable, Fossil

N Fuel Consumption

Total Primary Non-Renewable | Fossil Fuel
Energy Energy Consumption

Hydro
Non-Hydro Renewable* Vv
Coal v v v
Diesel v v v
Feedstock** v v v
Gasoline v 4 v
Heavy Fuel Oil v v v
LPG (propane) v 4 v
Natural Gas v v v
Nuclear v v
Wood v

*Solar/Wind/Geothermal

10/8/2014 49

**Energy stored in materials used in product



What about
Resource Extraction and Land Use?

10/8/2014 50



< \\eighted Resource Use

* Category indicator
— kg (or kg ecological carrying capacity effect eq)

* Characterized by

— the Athena Sustainable Materials Institute

* Resource extraction and environmental specialists across
Canada to develop subjective scores of the relative effects of

different resource extraction activities.
* Midpoint impact
— Ecological carrying capacity effects per kg extracted
 LIMESTONE * 1.5

* |IRON ORE * 2.25 _
. http://www.athenasmi.org/wp-
* COAL * 2.25 content/uploads/2011/10/16 ECC Impacts of

 WOODFIBER * 2.5 Resource Extraction.pdf



http://www.athenasmi.org/wp-content/uploads/2011/10/16_ECC_Impacts_of_Resource_Extraction.pdf
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http://www.athenasmi.org/wp-content/uploads/2011/10/16_ECC_Impacts_of_Resource_Extraction.pdf

Weighted Resource Use

Extraction activities looked at by panel

Coal mining

10/8/2014 Limestone quarrying .,

Iron ore mining



WRU - defined

 Dimensions of ecological carrying capacity impacts
considered;

— Intensity of impacts

 How much and how long ecology disrupted

— Extent of areas typically impacted

* Size of area

— Duration of impacts

* Avg. time to return to balance

— Ecological significance of areas typically impacted

* Unigueness and social value

Source - http://www.athenasmi.org/tools/impactEstimator/companionReports/ECC
Impacts of Resource Extraction.pdf
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WRU — Boreal forest

d other wooded land as defined by Canada’s Forest Inventory 2001.
forest {310 M ha) is the forest and other wooded land area within

he boreal region (545 M ha,
ral Resources Canada

HorEzon http://www.hww.ca/hww2.asp?id=354



Ex. IMPACT World+ Method
for Land Use change impacts

. Integration of the LULCIA framework (UNEP/SETAC LC Initiative )
A) Biodiversity

B) Ecosystem services

Quality (Q) Impact = A * [AQ(t)*dt

Q Permanents
Q, S impacts

2,

% o= : Impacts from

@ D E transformation
81 < ) S and occupation
2| ¥ Occupation — <

— 3 5 t Time (1)
0/8/2014
http:}/www.|rv)pactworldplus.org/en/

(Curve adapted from Mila | Canals ?t/,‘al. (2007))5 2


http://www.impactworldplus.org/en/

Presentation Outline

1. What is Impact Assessment?
2. Impact Assessment framework.
3. Impact Category descriptions.

4. Impact Aversion Survey.
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Keep in mind, LCA results provide a snapshot.

So, how do you interpret what you see?

57



Class Impac

if you only had 100% to invest in avoiding This is how we will determine which
the impacts associated with the impacts matter most ta the class, and
Following impact categories, where how much each of them matters ta the
w ould you invest your money? class.

t Aversion Survey

L
YOu can Pocket the 100s

Impact Category

reducedfarests, recreational space,
socially sigrificant areas. disruption in

damage, agricultural
effects, farest damage.

damage and
martality, damage

human health
etfects, respiratary

and fish. toxicity to humans,
marine mammals, livestack,

SUPPression, crop
damage, marine-

HH Respiratory Ozone
Global Warming Acidification Effects Depletion
Weighted Resource Use Potential Potential Potential Eutrophication Potential | Potential Smog Potential
Skin cancer.,
impacted use for industry, cataracts, material
plant, animal and agriculture, drinking, fishing and | damage, immune | human martality, asthima
Resource extraction resulting in; Malaria, coastal area ecosystem toricological recreation. death of shellfish sustem effects, restricted human
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1. What is Impact Assessment?
2. Impact Assessment framework.
3. Impact Category descriptions.

4. Impact Aversion Survey.
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AN OvERVIEW OF THE LIFE CyCLE AsSESSMENT METHOD

Table 2.3 Overview of widely-used impact categories with examples of category
indicatars at Midpoint and Endpaint levels.
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Impact Category Midpoint Category Endpoint Category
Indicator Imdicator

climate change infra-red radiative forcing | loss of life years,
fraction of
disappeared species

ozone layer depletion change in tropospheric loss of life years

DEOME Concentration
acidification H+ concentration

fraction of disappeared
SpaCies

respiratory effects, etc.)

eutrophication biomasss potential fraction of disappeared
SPOCICS
human toxicity (sometimes | time-integrated exposure, | loss of life years
split into carcinogenics, corrected for hazard
ROR-CARCINAgENIcE,

eco-toxicity (sometimes
split into aquatie baxicity,
terrestrrial boocicity,
marine toxicity, etc.)

time-integrated exposure,
corrected for hazard

fraction of disappeared
species

depletion of energy prifary energy decreased availability
carriers requiremnent
depletion of material amount of material used, | decreased availability
PESAEFCES cormectid for avallability
and /or importance
land use impacts amount of land occupied | fraction of disappeared
or transformed species

waler use impacis

amount of water used or
displaced

decreased availability

where GWis the global warming score, 5 the substance (the different green-
house gases), GWP, the GWF of substance 5, and m, the emitted amount of
substance 5 in kg. This may be further generalized as

I.= Y CF, xm,

where ¢ stands for the impact category, | nepresents the indicator result for
categgory ¢, and CF_ is the characterization that links substance s to impact
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